Titanium nitride (TiN) shows considerable hydrogen impermeability and is expected as a hydrogen-impermeable coating of cladding tubes for metal hydride fission fuel. The TiN coating production by the plasma process is very complicated because the cladding tube is not wide enough to create stable plasma. In this study, a simple reactive evaporation process was employed for the coating process of TiN films on the inner wall of a narrow tube. The films were thermally deposited on stainless steel sheets as the substrate and were coiled around the inner wall of silica glass tubes. A Ti wire twisted with a Mo filament was used for the evaporant. As a result, thin films with gold color were obtained. From the XRD measurement of the films, distinct diffraction patterns of TiN phase were observed. A reactivity of N 2 gas molecules with Ti atoms in Ti-N film formation was measured quantitatively. The reaction probability of N 2 molecules r N2 is defined as the ratio of the N 2 absorption rate A N2 on Ti to the rate of N 2 impingement Z N2 . Reactive evaporation process showed 
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Abstract:
Titanium nitride (TiN) shows considerable hydrogen impermeability and is expected as a hydrogen-impermeable coating of cladding tubes for metal hydride fission fuel. The TiN coating production by the plasma process is very complicated because the cladding tube is not wide enough to create stable plasma. In this study, a simple reactive evaporation process was employed for the coating process of TiN films on the inner wall of a narrow tube. The films were thermally deposited on stainless steel sheets as the substrate and were coiled around the inner wall of silica glass tubes. A Ti wire twisted with a Mo filament was used for the evaporant. As a result, thin films with gold color were obtained. From the XRD measurement of the films, distinct diffraction patterns of TiN phase were observed. A reactivity of N 2 gas molecules with Ti atoms in Ti-N film formation was measured quantitatively. The reaction probability of N 2 molecules r N2 is defined as the ratio of the N 2 absorption rate A N2 on Ti to the rate of N 2 impingement Z N2 . Reactive evaporation process showed of r N2 with Ti films prepared by plasma processes Keyword : Titanium nitride coating, Inner wall of narrow tube, Reactive vacuum evaporation process, prevention coating of hydrogen gas, reaction probability
Introduction
Narrow tubes are widely used in industry as water pipes, hydrogen gas pipes, cooling pipes for nuclear reactors, etc.
However, when these steels are catholically charged with hydrogen at room temperature, their subsurface layers become hard and brittle, and numerous cracks are forms. It is therefore necessary to protect the inside of the tubes. Titanium nitride shows considerable hydrogen impermeability and is expected as a prevention coating of hydrogen gas for a cladding tube of metal hydride fission fuel [1] [2] [3] [4] [5] . Among various methods of surface modification, plasma nitriding is widely used because it increases hardness and improves wear and fatigue resistance of ferrous and other materials [6] [7] [8] [9] . However, the coating processes are very complicated because the cladding tube is not wide enough to create stable plasma 10) . In this study, a simple reactive evaporation process was employed for coating process of TiN films onto the inner wall of narrow tube. The reaction probability r N2 of N 2 was used as a measure for assessing the reactivity and the reaction probability r N2 of N 2 as a measure for assessing the reactivity for reactive vapor deposition process and plasma process 11) .
Experimental
The reactive evaporation process was used for Ti-N film formation. The schematic diagram of the evaporation apparatus used for this study is shown in Fig. 1 .
Fig. 1. Schematic of reactive evaporation process
The base pressure of the vacuum chamber was less than 3.0×10 -4 Pa. The films were thermally deposited on stainless steel sheets And this sample shows strong stainless steel substrate peak to penetrate film and weak titanium peaks. Therefore, sample
Ti-N10/20 is a mixed phase of TiN phase and Ti 2 N phase.
Diffraction peaks of Ti phase were observed as titanium under layer path through the thin TiN top coating.
Fig. 2. X-ray diffraction profile of Ti-N thin films prepared at various evaporation times
Assessment of the reactivity
The reaction probability of a gas with a metal is a useful measure to assess the quantitative reactivity of gas involved in the reaction, which has been demonstrated for many metal-gas systems [13] [14] [15] .
The total amount of Ti atoms in film N Ti can be derived as follows.
Where V Ti is volume of Ti film, ρ  is Ti density and M Ti is molecular mass of Ti.
The impinging rate of Ti atoms Z Ti is defined as the ratio of the N Ti times Avogadro's constant N A to the evaporation time t:
The absorbing rate of N 2 A N2 on Ti surface can be derived as follows:
The reaction probability of N 2 molecules r N2 is defined as the ratio of the absorbing rate of N 2 on Ti surface A N2 to the rate of N 2 impingement Z N2 : 
T is the absolute temperature, M is the molar mass and P N2 is N 2 partial pressure. Table 3 . Reaction probability of samples Table 4 shows r N2 on Ti surface for various processes 11) . In Table 3 and Table 4 , the reaction probability of N 2 with Ti film by reactive evaporation process and ARE process exhibit the same value of r N2 =0.07. 
4.Conclusion
In this study, a simple reactive evaporation process was 
